and defiant, has all his wits about him, and replies after deliberation, whereas a patient with psychical deafness has signs and symptoms of nervous breakdown.
Just one word about obturators. I believe they are of distinct benefit in saving the hearing, and that one of the simplest and best forms is plasticine wrapped in gauze; this can be moulded to the shape of the external meatus and is easily put in and withdrawn. An obturator largely advertised is the Mallock Armstrong, which is made in several sizes, but to my mind it is not so comfortable as plasticine. Plugs made of celluloid should never be used, as I am told that on one ship during a battle several men had their ears damaged by the flash of a shell setting fire to the celluloid plugs which they wore.
In conclusion, Gentlemen, I regret that these remarks are very incomplete owing to the comparatively small number of cases which came under my notice, but I hope they will suffice to start a good discussion.
The Morbid Anatomy of War Injuries of the Ear. 
INTRODUCTION.
FROM the point of view of morbid anatomy, war injuries of the ear may be classified as follows:
(1) Direct injuries due to bullets or pieces of shrapnel or high explosive shell. (2) Indirect injury due to blows or falls on the head. These injuries may be subdivided into (a) those without fracture of the labyrinth capsule, and (b) those with fracture of the labyrinth capsule.
(3) Noise deafness due to prolonged or intense gun fire, and (4) " shell" or "explosion" deafness (labyrinth concussion).
(1) Direct Injuries.-Fracture of the mastoid process or of the external meatus may occur with or without splintering of the bone. The tympanum and labyrinth may also be involved in these cases. Further, the middle and inner ear may be injured by bullets entering through the facial bones and emerging through the mastoid or remaining embedded in the temporal bone. If the patient lives the nature of the injury can best be ascertained by means of good radiograms-both lateral and antero-posterior. In severe and fatal cases of comminuted fracture of the petrous bone microscopic examination of the ear would be a matter of extreme difficulty, but where the injury is less severe this method may be of use. In many of these cases of direct injury suppurative otitis media occurs as a result of infection, either carried in by the foreign body at the time of the injury or due to secondary infection through the Eustachian tube or external meatus. By the kindness of Lieutenant-Colonel Caird, R.A.M.C., we are able to record a case in which infection took place (Case I, see later).
(2) Indirect injuries of the ear due to fracture of the base of the skull in civil life were recently dealt with by one of us (J. S. Fraser) before this Section. We have recently examined the middle and inner ear from a case of bullet wound of the fronto-parietal region attended by laceration of. the brain and hwmorrhage into the subarachnoid space (Case II, see later).
(3) Noise deafness is due to physiological over-stimulation of the auditory apparatus. Recent researches have shown that (i) air conduction of sound is of paramount importance in the production of noise deafness. Conduction through the tissues of the body, including the cranial bones, is of little account. (ii) The neuro-epitheliutm (hair cells) of C6rti's organ are first affected, later the supporting cells are involved. The ganglion cells and nerve fibres are secondarily affected. The condition is one of so-called " degenerative neuritis." (iii) The part of Corti's organ affected depends on the pitch of the sound. If the noise be of high pitch the neuro-epithelium at the base of the cochlea is involved. If the noise be of medium pitch, Corti's organ in the middle coil is affected; while if the noise be of low pitch, degeneration is found in a portion of Corti's organ nearer the apex of the cochlea. These experiments confirm Helmholtz's theory of the peripheral analysis of sound. It is very difficult or impossible to draw a line between cases of "noise " deafness and those of " shell " or '' explosion " deafness, as both conditions are probably due to excessive movements of the atmosphere conveyed to the labyrinth. The explosion of a shell not only causes a great mass movement of air but produces a loud noise. It is stated, however, that the " blow " produced by the condensation of air following the explosion, reaches the ear before the noise vibration, and that it may drive the stapes inward and fix it in the oval window so as to lessen the bad effect of the loud noise which follows. In somewhat the same way the stapes is fixed in Gelle's experiment.
(4) " Shell" or "Explosion" Deafness (Labyrinth7 Concussion).-According to Lermoyez "shell" deafness is the true war deafness.
Various theories have been put forward as to the pathology of this condition. (a) In many cases we are actually able to observe a rupture of the tympanic membrane, accompanied by a certain amount of hw?morrhage. It has been stated that in cases of shell explosion in which the drumhead ruptures, there is less likelihood of damage to the delicate structures of the membranous labyrinth than in cases in which the tympanic membrane does not give way. In the same way the internal mechanism of a watch, which has been' dropped on the ground, is more likely to escape injury if the fall results in the fracture of the watch glass. Mere rupture of the drumhead, however, unless accompanied by some lesion in the labyrinth, auditory nerve or brain, would only produce a slight diminution of hearing. We know, however, that patients suffering from severe shell deafness exhibit marked or total loss of hearing. Some further lesion in the auditory apparatus must therefore be sought for.
(b) It has been stated that hwmorrhages occur in the penior endolymphatic spaces of the inner ear and that the delicate neuro-epithelial sacs and tubes of the membranous labyrinth are ruptured by the violent concussion caused by the explosion. It is supposed that in this way a gross mechanical effect is produced in the inner ear. It would appear, however, that the structures of the membranous labyrinth are well protected from concussion because they are suspended in a lymph bath inside the hollow spaces of the bony labyrinth.
Ha3morrhage may also occur in the internal auditory meatus with or without rupture of the nerve fibres which pass from the fundus of the meatus through rigid bony canals to the cochlea, utricle, saccule and cristae of the canals.
(c) It has' been suggested that apart from these gross mechanical changes ((a) and (b)) the explosion and the loud noise may destroy the delicate nerve endings in the cochlea, and so result in paralysis. The loud sound due to the explosion may paralyse the hair cells of Corti's organ, somewhat in the same way as the nerve structures of the macula in the retina are paralysed by the rays of the sun in "eclipse" blindness. According to this theory " shell" deafness, like " noise " deafness, is due to paresis or paralysis following over-stimulation. Some observers hold that the change is a biochemical one, while others believe that it is of a molecular nature. Theodore has microscopically examined one case of labyrinth concussion followed by total deafness, and found a condition of degenerative neuritis similar to that described by Manasse and Wittmaack in old people.
(d) It has been stated that in cases of " shell " deafness the lesions are probably to be found in the brain-e.g., hamorrhages in the pons, medulla,-and cerebellum, involving the central connexions of the auditory and vestibular nerves. Milligan and Westmacott have suggested that shell deafness is due to a temporary interference with the neuron connexions in the higher brain centres. They believe that the abrogation of function is not due to an organic lesion.
PRESENT INVESTIGATION.
The writers have examined the middle and inner ears from four cases of " shell " or " explosion " deafness. In each case the temporal bone on the injured side was removed by one of us (J. Fraser) within four or five hours of death. The labyrinth was not opened, but the specimen was at once wrapped in gauze soaked in 5 per cent. formol, then in waterproof tissue, and was finally surrounded by cotton-wool and packed in a cigarette tin. The lid of the tin was fixed on with adhesive plaster. All the specimens arrived in good condition, and were at once prepared for microscopic examination according to the method described by one of us (J. S. Fraser) in the Joutrnal of Laryngology, Rhinology and Otology (December, 1913, page 638) .
It is doubtful if our methods are delicate and accurate enough to discover fine changes in the neuro-epithelium of the labyrinth due to shell or bomb,expjosion, especially in cases like the present ones (Nos. III, IV, V and VI), where the hollow spaces of the labyrinth were not opened soon enough after death to allow the entrance of the fixing fluid. Further, the specimens had a prolonged journey from the Front to their destination in Edinburgh. Under these circumstances it would not be right to be dogmatic about fine changes in the neuro-epithelium or ganglion cells of the labyrinth. In one or two cases the writers have found displacement of the cupulae of the canals and of the otolith membrane of the utricle and saccule. These may, or may not, be artefacts. In 'order to be accepted they would require confirmation by other observers.
There can, of course, be no doubt about such changes as rupture of the drumhead or extensive haemorrhages into the middle-ear spaces or the internal meatus. It is interesting to note that in this latter position the hmorrhages occur at the point where the nerves, after passing to the fundus of the meatus, enter the fine bony canals. It is just at these parts that one would expect the small vessels to rupture and the nerve fibres to give way. It appears probable that the examination of the inner ear from cases of " shell" deafness, which die from other causes some months or even years after the shell explosion, would afford information of great value as to the true pathology of the condition. The microscopic changes in the membranous labyrinth and eighth nerve would be much more evident at this period. It is therefore very important that every opportunity of examining the inner ear in such cases should be taken advantage of. We are of opinion that the sudden severe explosion and the loud sound accompanying it may probably paralyse the neuro-epithelium of the labyrinth in a manner analogous to-but more severe than-that in which noise deafness is brought about in boiler makers. If the observations of foreign otologists regarding " noise " deafness be applicable to cases of " shell " deafness, one would expect that " degenerative neuritis" would occur-at least in severe cases-and that certain definite changes would be found in the neuro-epithelium of the labyrinth and in the auditory and vestibular ganglia and nerves of soldiers who had suffered from severe shell explosion with its consequent deafness, tinnitus, giddiness and loss of balancing.
Our findings lend little support to the view that in " explosion " or "shell" deafness (1) large hamorrhages occur in the perior endolymphatic spaces of the labyrinth, or (2) that rupture of the delicate neuro-epithelial sacs and tubes of the membranous labyrinth takes place. The changes we have observed will be found in detail in the reports of the microscopical examination of four cases of " shell " or " explosion " deafness (Cases III, IV, V, and VI). Briefly summarized these changes are as follows: (a) Rupture of the drumhead in Cases III, IV and VI. (In Case V a large plug of wax was present in the external meatus and probably for this reason the tympanic membrane was not injured.) (b) Heamorrhage in the middle-ear spaces in all four cases. (c) Slight hemorrhage in the scala tympani in the region of the round window and basal coil of the cochlea (Case IV). (d) Slight degenerative neuritis of the cochlear apparatus ?-e.g., loss of hair cells, slight flattening of the acoustic papilla and disappearance of some of the supporting cells, especially in Case IV; shrinkage of the ganglion cells of the spiral ganglion; uneven staining of the cochlear nerve. (All these may be post-mortem changes.) (e) Displacement of the otolith membrane of the saccule or utricle (Cases IV and V), artefacts ? (f) Dis-placement of the cupula of one or more of the canals (Cases IV and V) (It is quite probable that (e) and (f) are artefacts.) (g) The vestibular apparatus, as was to be expected, showed less change than the cochlear. The neuro-epithelium of the saccule and utricle and the cells of the vestibular ganglion in the internal meatus appear to be better preserved than the corresponding parts of the cochlear apparatus. (h) Haemorrhage was observed in the fundus of the internal meatus at the points where the nerves enter the bony canals (Cases III, IV, and V).
The patient presented a shrapnel entrance wound in front of the left tragus. There was no exit wound. Acute suppurative otitis media supervened and the patient suffered from discharge from the left ear and severe deafness. The case was only admitted to Colonel Caird's ward in the Royal Infirmary, Edinburgh, about a month after the injury. On admission (April 10, 1916) the pulse was 72 and the respirations 20 per minute. Temperature 970 F. On April 16 there was a sudden rise of temperature to 103-60 F., and the pulse rose to 104. The patient complained of pain in the left ear and there was an increase in the aural discharge. On examination granulations were seen on the anterior wall of the left external meatus.
April 18, 1916: Temperature 101 F. Frontal headache present and pain in the right parietal region. Right ear normal.
April 19, 1916: Temperature 970 F., pulse 66. Occipital pain present with nausea and vomiting. The patient was examined by Dr. Logan Turner, who found slight facial paresis on the left side; spontaneous nystagmus to the left with a pointing error at the left wrist and shoulder joints; pain present on pressure over the neck muscles; mastoid tenderness on the left side and complete deafness in the left ear. The tuning-fork on the vertex was lateralized to the right (good) ear! The patient was too ill for the caloric test. On lumbar puncture the cerebrospinal fluid was found to be clear and not under increased tension.
Operation (April 19, 1916) by Colonel Caird. Granulation tissue found in the antrum along with some particles of nickel. The cerebellum was exposed behind the sinus and was found not to pulsate. On tions around it in the middle of the drumhead. The tympanic membrane in its lower part is adherent to the inner wall of the tympanic cavity.
Tympanum and Middle-ear Spaces.-The mucous membrane of the air cells in the roof of the antrum is swollen, eongested and infiltrated with small cells.
Muco-pus is present in the cells and the bony walls are eroded in parts. At other parts there is some new bone formation in the walls of the cells. Some of the air cells contain a little blood. There is marked erosion of the bone on the inner wall of the attic. The mucosa of the tympanic cavity is swollen and polypoid. The canal for the tensor tympani is eroded. There is a fracture of the neck of the malleus-the lower part of the neck' along with the handle being drawn inwards by the tensor tympani. The squamous epithelium of the Direct injury of ear by shrapnel, followed by suppurative otitis media, cerebellar abscess, &c. Horizontal section 210, x 13 diam. Shows upper part of oval window with vestibule. 1, swollenlmucosa in niche of oval window; 2, footplate of stapes; 3, meningitis in internal meatus; 4, neuro-epithelium of utricle with 5, detached otolith membranes; 6, facial canal (the nerve is absentartefact). drumhead is still attached to this lower fragment. The head of the malleus is healthy as is also the body of the incus, but the two bones are widely separated and the joint space is filled with granulation tissue. The foot-plate of the stapes is fractured (see fig. 3 , No. 5); the annular ligament shows evidence of early invasion by the inflammatory process in the middle ear. The stapedius muscle is normal, as is also the joint between the incus and stapes. The membrane of the round window is thickened and the niche is full of pus. The Eustachian tube is full of muco-pus and its lining membrane is swollen.
Labyrinth Capsule.-The vessels of the fossa subarcuata are congested. There is a small haemorrhage in the facial canal but the nerve is normal. Direct injury of ear by shrapnel, followed by suppurative otitis media, cerebellar abscess, &c. Section 240, x 17 diam. (haematoxylin and eosin). Shows 1, rupture of drumhead; 2, middle portion of drumhead greatly swollen and infiltrated; 3, malleus in tympanic cavity; 4, erosion of incus; 5, fracture of stapes; 6, facial canal empty (artefact); 7, chorda tympani; 8, posterior part of drumhead.
Labyrinth Conztents: (1) Cochlea.-There is hamorrhage in the scala tympani of the basal and middle coils. Corti's organ presents its normal mound-like appearance in the middle coil, and the pillar cells are clearly seen.
The cochlear ganglion appears to be healthy. There is hemorrhage in the cochlear opening of the perilymphatic aqueduct.
(2) Vestibule.-The neuro-epithelium of the saccule and utricle appear to be desquamated and the otolith membrane is separated. There is a small haemorrhage in the perilymphatic space in the neighbourhood of the vestibular opening of the endoiymphatic aqueduct; elsewhere the aqueduct is normal. (It. Direct injury of ear by shrapnel, followed by suppurative otitis media, cerebellar abscess, &c. Section 265, x 13 diam. (hamatoxylin and eosin). 1, greatly swollen drumhead; 2, handle of malleus separated from drumhead and lying in tympanic cavity; 3, squamous epithelium of drumhead attached to malleus; 4, blood in scala tympani of cochlea; 5, inffitrated posterior part of annular ligament (early stage of invasion of vestibule); 6, inco-stapedial joint, normal. must be remembered that invasion of the vestibule through the oval window was just beginning.) Direct injury of ear by shrapnel, followed by suppurative otitis media, &c. Section 360, x 11 diam. (hematoxylin and eosin). Shows, 1, swollen, engorged, and infiltrated mucosa on promontory; 2, meningitis in internal meatus; 3, hamorrhage in scala tympani of basal coil; 4, haemorrhage in perilymph space of posterior canal; 5, fracture of bone between round window niche and crista of the posterior canal; 6, niche of rounid window.
Internal Meatts and Nerves.-Meningitis is present within the arachnoid sheath, but the eighth nerve has been torn out at the post-mortem.
Sumnmary.
The case was one of shrapnel injury of the left ear followed by suppurlative otitis media. When the patient was admitted to the Royal Infirmary, Edinburgh, about a month after the injury, symptoms of cerebellar abscess were present. Operation revealed mastoiditis and small metallic particles in the mastoid antrum. In spite of the evacuation of the cerebellar abscess the patient died. The autopsy showed early meiiingitis and sinus thrombosis in addition Direct injury of ear by shrapnel, followed by suppurative otitis media, cerebellar abscess, &c. Horizontal section 240, x 28 diam. (haematoxylin and eosin). Shows, 1 and 2, hmmorrhage in scala tympani in middle and basal coils. to the cerebellar abscess. Microscopic examination of the ear demonstrated a thickened, infiltrated and perforated drumhead with fracture of the 'malleus.
The lower part of the handle was separated from the drumhead and drawn inward by the tensor tympani. (We are unaware of any previous record of a similar condition.) The mucosa of the middle ear was distinctly swollen, and the tympanic cavity, antrum and cells were full of pus. The joint between the head of the malleus and the body of the incus was dislocated. The inco-stapedial joint was healthy, but there was early invasion of the vestibule through the annular ligament. The cochlea showed haemorrhage in the scala tympani of the basal and middle coil and in the opening of the perilymphatic aqueduct, but the nerve apparatus of the cochlea appeared almost healthy. The neuro-epithelium of the saccule and utricle and of the crists of the canals was desquamating. The internal meatus showed meningitis.
Note.-Several of the changes noted in this case may have been due to small pieces of shrapnel casing-e.g., fracture of the malleus and stapes, hbamorrhage in the scala tympani and fracture of bony capsule of ampulla of posterior canal. The patient was hit in the fronto-parietal region and the bullet came out just above the ear on the same side. There was no apparent injury of the ear itself, but the parietal bone was shattered and the brain lacerated.
Microscopic Examination.
The external meatus and the tympanic membrane are normal. Middle-ear Spaces.-Free blood is present in the lower part of the tympanic cavity, in the niches of the round and oval windows, and in the mastoid antrum. Bullet wound of fronto-parietal region, followed by intracranial hamorrhage no direct injury of ear. Vertical section 60, x 11 diam. (haematoxylin and eosin). Shows, 1, hemorrhage in fundus of internal meatus between fibres of cochlear nerve. Corti's organ appears normal in middle and apical coils.
Labyrinth Contentts.-The nervous structures of the inner ear appear to be normal, but a little blood is present in the aqueduct of the cochlea, near its cranial end, and also around the vestibular nerve to the utricle.
Internal Meatus.-There is a considerable amount of haemorrhage within the arachnoid sheath which surrounds the seventh and eighth nerves. The bleeding is specially marked in the fundus of the meatus and extends along the facial nerve to the geniculate ganglion. This haemorrhage appears to have been due to the injury to the brain and meninges. This soldier was taking cover in a house when a high-explosive shell hit the house and burst in the room in which he was. The patient was wounded in many places. On admission to the Casualty Clearing Station the patient High-explosive shell injury of ear. Horizontal section, No. 60, x 6 diam. Shows hemorrhage in border cells and also in air cells on inner wall of antrum. 1, malleus; 2, incus; 3, external meatus; 4, blood in " border " cell; 5, lateral canal; 6, blood in air cell; 7, two ends of superior vertical canal [the nearer (smooth) end contains bone chips-artefact]. was found to be semiconscious with subnormal temperature, small rapid pulse, cold clammy skin and multiple small wounds. In fact he showed the usual signs of high-explosive shell injury, including marked deafness. He died twenty-four hours later from shock.
Naked-eye examination showed a large ragged hole in the anterior part of the left tympanic membrane. The inner wall of the tympanic cavity was seen to be congested. The mastoid antrum and air cells appeared to be normal along with the Eustachian tube, saccus, jugular bulb and carotid canal. (haematoxylin and eosin). Shows rupture of anterior part of drumhead with everted edges. 1, anterior portion of ruptured drumhead (everted); 2, posterior margin of rupture, also everted; 3, malleus; 4, facial nerve with stapedius to the left; 5, smooth end of posterior vertical canal; 6, lower part of utriele with crista quarta; 7, internal meatus; 8, carotid canal; 9, tubal part of tympanum.
Drumhead.-This is ruptured in the anterior inferior part. The edges of the rupture are everted and show a little hamorrhage. The rupture extends as far as the handle of the malleus.
Middle-ear Spaces.-There is a little haemorrhage in the floor of the tube, in the niche of the round window and also on the promontory. There is slight bleeding in the air cells in the roof of the mastoid antrum and also in the border cells between the aditus and the external meatus. The tympanic ossicles and muscles are healthy. The oval window and the facial nerve are normal. Hollow Spaces of the LabySirnth: (1) Cochlea.-The scala tympani and the scala vestibuli are healthy. Corti's organ is well formed; the pillar cells -and other supporting cells are well seen, but the hair cells are not visible. The nerves in the modiolus and the spiral ganglion are normal.
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(2) Vestibule.-The utricle, saccule and endolymphatic duct, along with the perilymph spaces all appear to be healthy. Drumhead.-This is ruptured in the lower part posteriorly, but the edges of the perforation are for the most part glued together by blood clot (fig. 25 ).
Tympanic Cavity.-There is heamorrhage in the marrow spaces, in the roof of the tympanic cavity, and there is a little blood in the tympanum itself in the angle between the drumhead and the malleus. The ossicles and the joints are normal, but there is slight haemorrhage in the canal for the tensor tympani. On the inner wall of the tympanic cavity there is some effused blood around the geniculate ganglion. The structures in the oval and round windows are normal.
Labyrinth Capsule.-There is a small haemorrhage in the fossa subarcuata, but otherwise the labyrinth capsule is healthy. preserved, but many of the cells-not only the hair cells but also the supporting cells-have disappeared, so that Corti's organ appears rather like a ghost or skeleton. The epithelial cells of the stria vascularis appear to be detached from the spiral ligament in the basal and middle coils. There is blood in the scala tympani in the region of the round window,
(2) Vestibule.-The otolith membrane of the saccule is separated and the neuro-epithelium irregular. The aqueduct of the vestibule is normal.
(3) Canals.-The cupula of the superior canal is separated, but the ampulla of the posterior canal is normal.
Internal Mleatus.-There is extensive hbmorrhage in the fundus of the internal meatus, and there is also some blood in the bony canal which contains the branch of the vestibular nerve for the crista of the lateral canal. There is also a considerable amount of blood pigment in the internal meatus.
(See figs. 18 to 24.) Summary.
The changes in this case of ear injury due to grenade explosion are fairly definite and include a recent rupture of the tympanic membrane, the edges of which are partially glued together by fibrin. Further, there are haemorrhages in the tympanic cavity, in the marrow spaces in the roof of this cavity, around the geniculate ganglion and in the fossa subarcuata. There is also bleeding in the scala tympani of the cochlea in the region of the round window. There is a 
FIG#. 24. (Case IV.)
Cochlear canal with Corti's organ from middle coil of cochlea in an old man aged 80, who suffered from nerve deafness. It will be seen that the acoustic papilla is well formed. (This specimen is shown for comparison with those obtained from Cases III, IV, V, and VI, in which the ears had been subjected to concussion caused by shell or rifle-grenade explosion.) ossicles and joints are normal. The footplate of the stapes shows a congenital dehiscence in the bone, filled with connective tissue. The niches of the oval and round window are healthy.
Hollow Spaces of the Labyrinth: (1) Cochlea.-There are small round masses of hyaline substance in the scala tympani and scala vestibuli, but these are probably of little importance. Corti's organ shows a normal outline in all coils. The hair cells cannot be made out, but this of course is not unusual in post-mortem specimens. The cochlear opening of the perilymphatic aqueduct is normal, but towards the cranial end the aqueduct contains a little haemorrhage.
(2) Vestibule.-The otolith membrane of the utricle is raised up from the neuro-epithelial cells (artefact ?). The saccule and its otolith membrane are normal. The ductus endolymphaticus is healthy.
(3) Canals.-The cupula of the external canal is misplaced, as is also that of the superior canal; otherwise these canals are healthy. The crista of the posterior canal is healthy.
Internal Meatts.-The facial nerve is healthy. There is some hamorrhage in the fundus of the meatus around the cochlear nerve. 
Sunmmary.
The changes in this case are very slight. This may possibly be explained by the presence of a plug of wax in the external meatus. There are small hemorrhages in the tubal part of the tympanic cavity, in the canal for the tensor tympani, in the cranial ends of the fossa subarcuata and perilymphatic aqueduct, and in the fundus of the internal meatus. The neuro-epithelium of the labyrinth shows little change, but the detachment of the otolith membrane of the utricle and of the cupulhe of the lateral. and superior canals is worth recording. If a similar condition were found in the labyrinths of other patients who had suffered from shell explosion, these conditions might be regarded as of importance. Naked-eye Examination.-Left tympanic membrane shattered, only the outer margi'n remaining attached to the annulus. The malleus appears to be pushed inwards with a piece of membrane attached to it. The long process of the incus can be seen through the perforation. The inner wall of the tympanum presents a reddish-brown appearance, but there is little evidence of blood in the antrum. The superior canal appears normal when opened to admit the fixing fluid.
Microscopic Examination. Tympanic Membrane.-There is a large gap in the drumhead in front of, below and behind the handle of the malleus, but there is no,rupture of Shrapnell's membrane. The lower part of the handle of the malleus, with a piece of membrane attached, is in contact with the promontory.
Middle-ear Spaces.-The Eustachian Tube contains heemorrhage. The head of the malleus is healthy and the joint between the malleus and incus is normal as is also that between the incus and stapes. The stap~es footplate appears to be somewhat displaced and the posterior part of the annular ligament is ruptured (artefact ?). The posterior part of the footplate of the stapes is tilted outwards towards the tympanic cavity (artefact ?).
Halmorrhage is present on the inner wall of the attic and also between the short process of the incus and the outer wall of the aditus. Free blood is also seen in Prussac's space. In the lower part of the cavity the inner wall shows a layer of haemorrhage and the niches of the oval and round windows are full of blood. The lining membrane of the tympanic cavity is congested and slightly swollen. The sinus tympani also contains blood. The membrane of the round window appears normal. Hamorrhage is present in the cells in the roof of the antrum and in the border cells between the antrum and external meatus. There is a little free blood in the floor of the aditus. Labyrinth Capsutle.-There is some haemorrhage in the canal for the great superficial petrosal nerve. The vessels of the fossa subarcuata are dilated.
Labyrinth Contents: (1) Cochlea.-Owing to a fault in the first embedding of the specimen, air entered the hollow spaces of the labyrinth, and in the second embedding the evacuation apparatus was used to extract the air. It is therefore impossible to speak with any degree of certainty regarding the condition of the nerve structures. The intravestibular and apical portions of the cochlear canal are more normal than the middle portions, but this may be due to the fact that the latter was more affected by the suction apparatus, which was only applied after the basal coil of the cochlea had been opened. The cochlear opening of the perilymphatic aqueduct is normal.
(2) Vestibutle.-The neuro-epithelium of the utricle and saccule appears healthy. The aqueduct of the vestibule is normal and the ductus endolymphaticus is quite healthy.
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(3) Canals.-The superior canal is normal except that in the ampulla the epithelium is irregular (artefact). The criste of the external and posterior canals are normal.
The internal meatus and nerves show no haemorrhage nor other abnormality.
Summary.
In this case the force of the explosion seems to have been expended in rupturing the drumhead, so that the structures of the inner ear, along with the nerves in the internal meatus, have escaped. Owing to a fault in the first embedding of the specimen, air was present in the hollow spaces of the labyrinth, and it is therefore unwise to be dogmatic as to the condition of the membranous labyrinth. The rupture of the saccule and of portions of the membranous cochlea are probably artefacts produced by the use of the suction apparatus. The rupture of the posterior part of the annular ligament may also be due to the same cause.
CONCLUSION.
The only changes of importance found in the four cases of "explosion" injury *of the ear are: (1) Rupture of the drumhead (Cases III, IV, and VI) and heemorrhage into the middle ear spaces;
(2) heemorrhage in the fundus of the internal meatus in three of the four cases. In Cases III and V the neuro-epithelial structures of the labyrinth appear to be normal. In Case IV the changes are possibly of "post-mortem " origin, but they appear to us to be due rather to an early stage of " degenerative neuritis," while in Case VI they are caused by a fault in the preparation of the specimen. It seems quite possible that in many cases of " shell " or " explosion " deafness we have to deal with a functional affection as suggested by Milligan and Westmacott. On the other hand, rupture of the drumhead and, haemorrhage into the middle ear spaces must cause a certain loss of hearing; while hmorrhage in -the fundus of the internal meatus may give rise to deafness, tinnitus, giddiness, and other symptoms of an inner ear lesion. It may be that -the " blow " to the ear due to shell explosion, and the associated loud sound, paralyses the delicate nerve endings of the auditory apparatus, but we cannot claim to have demonstrated this microscopically, except possibly in Case IV. As we have already said, microscopic examination of the ears from cases of shell deafness, which die from other causes years after the injury, would be of great value in clearing up the pathology of the condition, and especiallv in throwing light on the question of degenerative neuritis" of the cochlear apparatus.
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Colonel BIRKETT, C.B. I cannot offer any suggestions on the discussion which has been opened by yourself, but I think that perhaps Dr. Gordon Wilson, who has been making a special study of this work, may have a great deal more to say on the subject than I can. The number of ear cases in our hospital, which contains 2,000 beds, is very great: I have a ward of seventy-five beds set apart specially for eye, ear, nose and throat cases.
The class of ear cases which presents itself there is very largely the chronic suppurative variety. We do see a large number of cases of rupture of the tympanic membrane following high explosives. As to. the situation of these ruptures, it has not seemed to me that there is any particular predominance of any one site. What we have noticed, and what we have tried to impress on the authorities there, is that inter-ference with these ears, in the first place, should not be carried out at the Front. The patients nearly always come down with a history of having had the ears syringed. Last July, when we had these cases. early, they came to us without having had this interference. We could then take care of them from the first, and we treated them as you suggested, Sir, and the result has been a satisfactory healing in the' majority of cases. Where the rupture has been of considerable duration I found that nitrate of silver, 25 gr. to the ounce, applied to the edges of the rupture, stimulates-the healing of it, so that in from six to eight weeks. there has been complete closure, with marked restoration of hearing.
As to the psychical cases, they are, perhaps, the most pathetic we, have to deal with. These men are broken in spirit, and their nervesare entirely shattered, and this condition is nearly always associated with mutism. It is, therefore, impossible to get any accurate results. from our tests. We begin by encouraging these men to hear and speak. Often, however, those methods do not succeed, and then we try to shame the men out of their disability before their companions-in-arms. Sometimes those means are successful. One method was letting off an alarm apparatus suddenly: this shook one man so much that he eventually heard. I have nothing new to say about the subject,, or anything to add to the pathology.
